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Edited by Michael R. BubbAbstract Despite some caveats, G protein-coupled receptor
oligomerization is a phenomenon that is becoming largely ac-
cepted. Within these oligomers, however, stoichiometry remains
to be elucidated. Here, by using bimolecular ﬂuorescence com-
plementation, we visualized adenosine A2A receptor homodimers
in living cells, showing no apparent diﬀerence in the subcellular
distribution when compared to the YFP-labelled adenosine A2A
receptor protomer. Interestingly, the combination of bimolecular
ﬂuorescence complementation and bioluminescence resonance
energy transfer techniques allowed us to detect the occurrence
of adenosine A2A receptors oligomers containing more than
two protomers. These results provide new insights into the molec-
ular composition of G protein-coupled receptor oligomers.
Structured summary:
MINT-6700472:
A2A (uniprotkb:P29274), A2A (uniprotkb:P29274) and A2A
(uniprotkb:P29274) physically interact (MI:0218) by biolumi-
nescence resonance energy transfer (MI:0012)
MINT-6699330:
A2A (uniprotkb:P29274) and A2A (uniprotkb:P29274) physi-
cally interact (MI:0218) by bimolecular ﬂuorescence comple-
mentation (MI:0809)
MINT-6699346:
A2A (uniprotkb:P29274) and A2A (uniprotkb:P29274) physi-
cally interact (MI:0218) by bioluminescence resonance energy
transfer (MI:0012)
 2008 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Adenosine, a well known endogenous modulator in the cen-
tral nervous system, as well as in the immune and circulatory
systems, exerts its actions through G protein-coupled adeno-
sine receptors (GPCRs). Of the four known adenosine recep-*Corresponding author. Fax: +34 934029082.
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doi:10.1016/j.febslet.2008.07.045tors (A1, A2A, A2B and A3), the A2A receptor (A2AR) is one
of the major mediators of the central eﬀects of adenosine [1].
A2ARs are mostly coupled to Gs proteins [2], thus being mainly
linked to adenylyl cyclase activation. Despite being prototypic
Gs protein-coupled receptors, A2ARs can also signal through
other means such as the mitogen-activated protein kinase
(MAPK) cascade, via a pathway that is independent of hetero-
trimeric G proteins [3,4].
During the last decade, the fact that GPCRs form homo-
and heterodimers, or even higher-order oligomers, has been
extensively accepted, thus opening new avenues for drug dis-
covery [5]. The existence of these receptor–receptor interac-
tions has been demonstrated by several approaches including
both immobilized protein–protein interaction assays and
non-invasive light resonance energy transfer-based methods
[6]. By means of these approaches, we have demonstrated that
the A2AR form homodimers and that homodimers and not
monomers are the functional species at the cell surface of living
cells [7]. Furthermore, A2AR has also been shown to heterodi-
merize with other GPCRs. For instance, a protein–protein
interaction with the closely related A1R has been shown to al-
low adenosine to exert a ﬁne-tuning modulation of glutamater-
gic neurotransmission [8]. Also, heteromerization with other
GPCRs belonging to diﬀerent families has been described
and reviewed recently [9,10].
Despite the large amount of accumulated information on
GPCR oligomerization, none of the approaches used up to
now has revealed the occurrence of higher-order GPCR oligo-
mers in living cells. In the present study, by means of a bimo-
lecular ﬂuorescence complementation (BiFC) assay [11], we
analyze the capability of A2ARs to homodimerize. More
importantly, we describe the combined use of BiFC and biolu-
minescence resonance energy transfer (BRET) techniques as a
tool to identify GPCR oligomers (e.g. A2ARs oligomers) con-
taining more than two protomers, thus allowing the detection
of higher-order GPCR oligomers.2. Materials and methods
2.1. Plasmid constructs
Full length yellow ﬂuorescence protein (YFP) was subcloned in the
XhoI site of pcDNA3.1 vector (Invitrogen, Carlsbad, CA, USA). A C-
terminal truncated version of YFP, named N-YFP (amino acids
1–155), was constructed by PCR ampliﬁcation and cloned into theblished by Elsevier B.V. All rights reserved.
2980 J. Gandia et al. / FEBS Letters 582 (2008) 2979–2984XhoI site of pcDNA3.1 using the following primers: FnYFP (5 0-
CCGCTCGAGACCATGGTGAGCAAGGGCGAGGAGC-3 0) and
RnYFP (5 0-CCGTCTAGATCAGGCCATGATATAGACGTTG-3 0).
Also, a N-terminal truncated version of YFP, named C-YFP (amino
acids 155–231), was made using the same strategy and the following
primers: FcYFP (5 0-CCGCTCGAGACCATGGACAAGCAGAA-
GAACGGC-30) and RcYFP (5 0-CCGTCTAGATTACTTGTACAG-
CTCGTCCAT-3 0). The cDNAs encoding human A2AR and human
c-aminobutyric acid B1b receptor (GABAB1bR) were subcloned into
pcDNA3.1 containing YFP constructs, thus containing in frame the
sequences for YFP, N-YFP or C-YFP. A2AR was also subcloned into
the EcoRI site of pRLuc-N1 (Perkin–Elmer, Waltham, MA, USA),
thus containing in frame the sequence for Renilla luciferase (Rluc).
2.2. Cell culture, transfection and confocal microscopy
Human embryonary kidney (HEK-293) cells were grown in Dul-
beccos modiﬁed Eagles medium, DMEM (Sigma–Aldrich, St. Louis,
MO, USA) supplemented with 1 mM sodium pyruvate, 2 mM L-gluta-
mine, 100 U/ml streptomycin, 100 lg/ml penicillin and 10% (v/v) foetal
bovine serum (FBS) at 37 C and in an atmosphere of 5% CO2. HEK
cells growing up to 80% conﬂuence in six-well plates, containing
20 mm coverslips when used for confocal microscopy, were transiently
transfected with the DNA encoding the speciﬁed proteins by the poly-
ethylenimine (PEI) method. Brieﬂy, 10 lg of DNA was diluted in 50 ll
of non-supplemented DMEM and mixed by pipetting with 75 ll of
1 mg/ml PEI (Polysciences, Warrington, PA, USA). After 8 min incu-
bation at room temperature, 450 ll of supplemented DMEM were
added and the resulting mixture was transferred to the 10 cm2 well con-
taining the cells. The cells were further incubated during 2 h, washed
once with phosphate buﬀered saline (PBS) and placed in supplemented
DMEM medium for 24 h at 37 C, followed by another 24 h at 30 C
in order to allow proper ﬂuorophore maturation [12]. Alternatively,
cells were transiently transfected by the calcium precipitation tech-
nique [13].
Transiently, transfected HEK cells were ﬁxed in 1% paraformalde-
hyde for 10 min, and washed with PBS containing 20 mM glycine to
quench the remaining free aldehyde groups. Cells on coverslips were
mounted with Vectashield immunoﬂuorescence medium (Vector Labo-
ratories, Peterborough, UK). Microscope observations were made
with an Olympus Fluoview 500 confocal scanning laser adapted to
an inverted Olympus IX-70 microscope.
2.3. Membrane preparation, gel electrophoresis and immunoblotting
HEK cells were harvested at either 24 or 48 h after transfection.
Membrane suspensions from transfected HEK cells were obtained as
described previously [14]. Sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS/PAGE) was performed using 7.5% or 10% poly-
acrylamide gels. Proteins were transferred to PVDF membranes using
a semi-dry transfer system and immunoblotted with a mouse anti-
A2AR monoclonal antibody (clone 7F6-G5-A2; 1:1000; UpState,
Charlottesville, VA, USA) and then a horseradish-peroxidase
(HRP)-conjugated goat anti-mouse IgG (1:30000; Pierce, Rockford,
IL, USA). The immunoreactive bands were developed using a chemi-
luminescent detection kit (Pierce) [15].
2.4. cAMP measurements
Transfected HEK-293 cells (3 · 106 cell/sample) were incubated
overnight in serum-free DMEM in the presence of 0.5 U/ml adenosine
deaminase (ADA, EC 3.5.4.4; Roche, Basel, Switzerland). Before ago-
nist challenge cells were preincubated with 50 lM rolipram (Sigma–Al-
drich) for 10 min and then stimulated with the indicated concentration
of CGS21680 (Tocris, Bristol, UK), Forskolin (Ascent Scientiﬁc, Wes-
ton-Super-Mare, UK) or vehicle for another 10 min. After perchloric
acid precipitation and potassium hydroxide neutralization the accumu-
lated cAMP was measured by an Amersham cyclic AMP[3H] assay sys-
tem (GE Healthcare, Buckinhamshire, UK) as described in the
manufacturers manual. Brieﬂy, 50 ll of cAMP standards or neutral-
ized samples were displayed in duplicate in assays tubes. Then 50 ll
of 1 pM cAMP[3H] were added together with 100 ll of binding protein
(cAMP soluble receptor) and incubated for 180 min at 4 C. At the end
of the incubation, 100 ll of charcoal was added and tubes were shaken
and centrifuged at 12000 · g for 6 min. Two hundred microliters of
supernatant was counted in Wallac 1409 liquid scintillation spectrom-
eter with 50% eﬃciency. Each times that cAMP was dosed a standardcurve was built with known concentration of cAMP from 1 to 16 pmol.
Speciﬁc cAMP generation in each case was determined by calculating
the diﬀerence between the cAMP accumulated in the stimulated vs. the
non-stimulated transfected cells.
2.5. Bioluminescence resonance energy transfer (BRET) experiments
HEK cells transiently transfected with a constant amount of cDNA
encoding the A2AR
Rluc and increasing amounts of A2AR
YFP, GABAB2-
RYFP and A2AR
C-YFP plus A2AR
N-YFP were detached, washed and
resuspended in HBSS buﬀer containing 10 mM glucose. To control
for cell number, protein concentration in the samples was determined
using a Bradford assay kit (Bio-Rad, Hercules, CA, USA) using bovine
serum albumin dilutions as standards. Cell suspension (20 lg protein)
was distributed in duplicate into 96-well microplates (black plates with
a transparent bottom for ﬂuorescence measurement or white plates
with white bottom for BRET determination). Fluorescence and biolu-
minescence readings were collected using a Mithras LB 940 (Berthold
Technologies, DLReady, Germany) that allows the integration of the
signals detected in the ﬁlter at 485 nm (440–500 nm, maximum in bio-
luminescence emission) and 530 nm (510–590 nm, maximum in YFP
emission). YFP ﬂuorescence was deﬁned as the ﬂuorescence of the
sample minus the ﬂuorescence of cells expressing only Rluc-tagged
receptor. For BRET measurement, 5 lM h-coelenterazine (Molecular
Probes, Eugene, OR, USA) was added to the samples and readings
were performed after 1 min (net BRET determination) and 10 min
(Rluc luminescence quantiﬁcation). BRET signal was determined by
calculating the ratio of the light emitted by YFP (510–590 nm) over
the light emitted by the Rluc (440–500 nm). The net BRET values were
obtained by subtracting the BRET background signal detected when
Rluc-tagged construct was expressed alone. Curves were ﬁtted using
non-linear regression and one-phase exponential association ﬁt equa-
tion (GraphPad Prism, San Diego, CA, USA).3. Results
3.1. Expression of A2AR fusion proteins
The fusion proteins A2AR
YFP, A2AR
Rluc, A2AR
N-YFP and
A2AR
C-YFP, as well as the A2AR
wt were transiently transfected
into HEK cells. As shown in Fig. 1A the constructs displayed
the expected molecular size as determined by immunoblotting.
Brieﬂy, the mouse anti-A2AR antibody immunodetected a
band of 42 kDa in extracts from HEK cells transiently trans-
fected with the human A2AR
wt (Fig. 1A). This band did not
appear in extracts of mock transfected cells (Fig. 1A). Mean-
while, the same antibody detected a band of 69, 78, 60
and 52 kDa in extracts from HEK cells transiently transfec-
ted with A2AR
YFP, A2AR
Rluc, A2AR
N-YFP and A2AR
C-YFP,
respectively (Fig. 1A).
To validate the functionality of these A2AR constructs, we
also tested their signalling capability. As mentioned above,
A2ARs are coupled to Gas proteins, thus activating adenylyl
cyclase and increasing the intracellular levels of cAMP (Fig.
1B). In HEK cells transiently expressing A2AR constructs, ago-
nist challenge induced a signiﬁcant and comparable increase in
cAMP accumulation in all the constructs tested when com-
pared to the mock transfected cells (Fig. 1B), thus indicating
that these C-terminal tagged A2AR are functional.
3.2. Homodimerization of A2AR determined by BiFC
The adenosine receptor homodimerization has been charac-
terized by means of several methodological approaches, includ-
ing FRET and BRET techniques [7,8,16]. The BiFC assay, a
protein fragment complementation method [17], is based on
the ability to produce a ﬂuorescent complex from non-ﬂuores-
cent constituents if a protein–protein interaction occurs [11].
Fig. 1. Expression of A2AR fusion proteins. (A) Immunoblot detection
of A2AR fusion proteins in HEK-293 cells. HEK-293 cells mock
transfected (lane 1) or transiently expressing A2AR
wt (lane 2),
A2AR
YFP (lane 3), A2AR
Rluc (lane 4), A2AR
N-YFP (lane 5) and
A2AR
C-YFP (lane 6) were washed and membranes processed for
immunoblotting (see Section 2). Samples were analyzed by SDS–
PAGE and immunoblotted using a mouse anti-A2AR as a primary
antibody and horseradish-peroxidase (HRP)-conjugated goat anti-
mouse IgG (1/30000) as a secondary antibody. (B) cAMP accumula-
tion. Cells mock transfected or transiently expressing A2AR
wt,
A2AR
YFP, A2AR
Rluc, A2AR
N-YFP and A2AR
C-YFP were preincubated
overnight with 0.5 U/ml adenosine deaminase and stimulated for
10 min with vehicle, 10 lM forskolin (F) or 200 nM CGS21680 (CGS)
and the speciﬁc cAMP accumulation was determined (see Section 2).
The results are expressed as means ± S.D. of three independent
experiments performed in duplicate.
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tions in the normal cellular environment, enabling visualization
of the subcellular locations of protein interactions in living cells
[18]. To this end, adenosine A2A receptors fusioned at the C ter-
minal with full length YFP or with C-YFP and N-YFP frag-
ments were generated and transfected into HEK cells.
Interestingly, as receptor homodimerization caused YFP
reconstitution, thus allowing ﬂuorescence detection, we were
able to visualize A2AR homodimers in living cells (Fig. 2). It
is important to note that cells single transfected with A2AR con-
taining the C-YFP or N-YFP fragments in their C-terminal tail
did not provide a positive ﬂuorescent signal as these YFP frag-
ments are not ﬂuorescent by their own (Fig. 2). It has been pre-
viously shown that ﬂuorescent protein fragments are able to
complement with low eﬃciency, thus forming ﬂuorescent com-
plexes, even in the absence of a speciﬁc interaction [11]. To en-
sure that receptor homodimerization was not driven by
spontaneous YFP complementation we design some controls.The most appropriate negative controls for this technique are
fusion proteins that are expressed in the same subcellular com-
partment and that behave likewise to that under study but that
are not able to interact with. In this study and besides some po-
tential limitations we have used another GPCR as a negative
control, namely the human GABAB1b receptor. Thus, under
the same experimental conditions, we were not able to detect
ﬂuorescence complementation between the A2AR and the hu-
manGABAB1b receptor (data not shown). Overall, these results
corroborate that the A2AR homodimerization in living cells is a
speciﬁc phenomenon, a fact that has been previously demon-
strated by other approaches [7].3.3. Combined BRET/BiFC assays in the study of adenosine
receptor oligomerization
In the past, the existence of A2AR homodimers has been
demonstrated by using a combination of biochemical and bio-
physical techniques. More recently, the time resolved-FRET
(TR-FRET) approach revealed that these A2AR homodimers
occur at the plasma membrane level [7]. Now, to test the exis-
tence of higher-order A2AR oligomers, we designed a new
experimental approach consisting in the combination of BRET
and BiFC techniques (Fig. 3A). Interestingly, we found that
the optimum transfection ratio for A2AR
N-YFP + A2AR
C-YFP
was 1:1 and that the spectral characteristics of the comple-
mented YFP were unaltered when compared to those of the
full YFP (Fig. 3B).
We also determined the A2AR homodimer-mediated YFP-
complementation eﬃciency for the A2AR
N-YFP/A2AR
C-YFP
pair. As shown in Fig. 3C the ﬂuorescence yield of the YFP-
complemented A2AR homodimer (A2AR
N-YFP/A2AR
C-YFP)
stands below the A2AR
YFP ﬂuorescence, as expected. Several
aspects need to be taken into account: for instance, the occur-
rence of non-ﬂuorescent homodimer species (e.g. A2AR
N-YFP/
A2AR
N-YFP and A2AR
C-YFP/A2AR
C-YFP) will reduce BiFC eﬃ-
ciency.
Taking into account these experimental conditions, we per-
formed a BRET saturation curve in cells co-transfected with
a constant amount of the A2AR
Rluc construct and increasing
concentrations of the A2AR
YFP or A2AR
N-YFP + A2AR
C-YFP
plasmids. A positive BRET signal for the transfer of energy be-
tween A2AR
Rluc and A2AR
YFP was obtained (Fig. 3D). The
BRET signal increased as a hyperbolic function of the concen-
tration of the YFP-fusion construct added (assessed by the
ﬂuorescence emitted upon direct excitation at 480 nm) until
reaching an asymptote. As the A2AR
Rluc/GABAB2R
YFP pair
led to an undetectable BRET signal (Fig. 3D), the hyperbolic
BRET signal found for the A2AR
Rluc/A2AR
YFP indicates that
the interaction between two A2AR molecules is speciﬁc, in
agreement with previously described results [7]. Interestingly,
we also found a positive BRET signal that increases as hyper-
bolic function of the homodimer-mediated complemented
YFP, thus suggesting the formation of A2AR oligomers con-
taining more than two protomers (Fig. 3D). It is important to
note here that the increment in the BRET ratio observed for
the A2AR
Rluc/A2AR
YFP and A2AR
Rluc/A2AR
N-YFP/A2AR
C-YFP
pairs is due to an enhancement on the 527 nm emission signal
(YFP) after addition of h-coelenterazine and not by a
decrement on the 475 nm emission signal (Rluc) by just
a quenching/overexpression phenomenon, as expected for a
speciﬁc BRET signal (Fig. 3C).
Fig. 2. Visualization of A2AR homodimers by BiFC assays. HEK cells were transiently transfected with 10 lg of the cDNA encoding A2AR
YFP,
A2AR
N-YFP, A2AR
C-YFP and A2AR
N-YFP (5 lg) plus A2AR
C-YFP (5 lg) and processed for confocal microscopy imaging. Microscope observations
were made with Olympus Fluoview 500 confocal scanning laser adapted to an inverted Olympus IX-70 microscope. An explanatory schematic
representation illustrating the receptor species expressed on the plasma membrane of cells is shown on the top. Scale bar: 10 lm.
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observed for the A2AR
Rluc/A2AR
N-YFP/A2AR
C-YFP pair is 4.5
times lower than the observed for the A2AR
Rluc/A2AR
YFP pair
(BRETmax of 55 ± 6 vs. 250 ± 15). This is an expected result
since the ﬂuorescence values (x values) are diﬀerent for the two
curves. For the A2AR
Rluc/A2AR
YFP pair the ﬂuorescence value
is proportional to the sum of the concentrations of A2AR
YFP
(monomer) plus A2AR
Rluc/A2AR
YFP (dimer) plus higher
oligomers. On the other hand, for the A2AR
Rluc/A2AR
N-YFP/
A2AR
C-YFP pair the ﬂuorescence value is proportional to the
sum of the concentrations of A2AR
N-YFP/A2AR
C-YFP (dimer)
plus A2AR
Rluc/A2AR
N-YFP/A2AR
C-YFP (trimer) plus higher
oligomers. Thus, diﬀerent binding constants are involved here,
for instance the one for the monomer–monomer interaction and
the binding constant for the monomer–dimer interaction. Also,
not all homodimers (e.g. A2AR
Rluc/A2AR
N-YFP, A2AR
C-YFP/
A2AR
C-YFP and A2AR
N-YFP/A2AR
N-YFP) and oligomers (e.g.
A2AR
Rluc/A2AR
N-YFP/A2AR
N-YFP and A2AR
Rluc/A2AR
C-YFP/
A2AR
C-YFP) are ﬂuorescent and within the ﬂuorescent ones not
all of them will have the same ﬂuorescence level to engage with
the same eﬃciency in a BRET process. Finally, the orientation
of the donor (A2AR
Rluc) and acceptor (ﬂuorescent receptor spe-
cies) within the oligomer might be crucial as the BRET eﬃciency
also depends on the orientation angle of these twomolecules, like
the position of a radio antenna can inﬂuence its reception [19]. All
these considerations add complexity to the system and deserve
some thought. On the other hand, the concentration of acceptor
giving 50%of themaximumenergy transfer (BRET50), that some-
how reﬂects the ability to interact, is lower for the A2AR
Rluc–
A2AR
N-YFP/A2AR
C-YFP oligomer when compared with the
A2AR
Rluc–A2AR
YFP pair (BRET50 of 1.1 ± 0.3 vs. 5.2 ± 1.2).
Overall, these results might reﬂect diﬀerent modes of interaction
within the oligomer, for instance cooperativity phenomenawithin
the diﬀerent oligomeric species should be taken into account in fu-
ture studies.4. Discussion
Several experimental approaches have been used in the study
of the quaternary structure of GPCRs, revealing the existenceof receptor homo- and heteromers [6]. Among these ap-
proaches, ﬂuorescence-based methods, as non-invasive tech-
niques, have played a key role in the characterization of a
large array of protein–protein interactions in general and in
the study of GPCR oligomerization in particular [19]. We
now show that the combined use of the BRET and BiFC tech-
niques allows the detection of GPCRs oligomers composed for
more than two protomers.
The homodimerization of A2ARs has been previously de-
scribed by using biochemical and biophysical approaches [7].
Interestingly, by means of cell surface biotinylation experi-
ments it has been demonstrated that around 90% of the cell
surface A2AR species exist as a homodimeric structures, thus
suggesting that A2AR homodimers are the functional form of
the receptor present on the plasma membrane of living cells.
In the present study, we were able to visualize A2AR homodi-
mers by using a new ﬂuorescence approach, the BiFC assay.
This ﬂuorophore-based method, largely used in the ﬁeld of
plant sciences [20], enables direct visualization of protein inter-
actions in living cells [11] and is likely to develop into a stan-
dard technique for the identiﬁcation, veriﬁcation and in
detail characterization of protein–protein interactions. Here,
we implemented the use of this approach to the study of
GPCR oligomerization, a ﬁeld where it has not been widely
used [21]. Thus, by means of this technique we showed that
the subcellular distribution of the YFP-complemented receptor
was not apparently diﬀerent from that observed for the C-ter-
minal YFP-labelled A2AR protomers, suggesting either that all
receptor species are homodimeric or that there are no diﬀer-
ences in the subcellular distribution of the diverse receptor spe-
cies (e.g. monomers vs. homodimers).
After a period of initial resistance from the scientiﬁc commu-
nity to accept the existence of GPCRs oligomers, this concept is
now changing and expanding classical pharmacodynamic con-
cepts. Thus, GPCRs cannot be considered as single functional
elements only, but should also be seen as forming part of mul-
tiprotein complexes localized at the plasma membrane level.
These receptor multiprotein complexes or ‘‘receptorsomes’’,
which might contain not only receptor oligomers but also sig-
nalling and scaﬀolding proteins, are responsible for the molec-
ular and functional integration of receptor signalling. As part
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only in signal triggering but also in orchestrating the molecular
events which result in plasticity-associated changes. Oligomer
stoichiometry might therefore be decisive in determining proper
receptor function; thus, knowledge of GPCR oligomer compo-
sition is essential for the study of molecular interventions in dis-
orders where these receptors have been shown to be involved,
and may provide novel therapeutic targets for the treatment
of a number of diseases. Here, by using a new experimentalapproach, we determined that A2AR homomers can be formed
by more than two protomers, suggesting that the existence of
higher-order GPCRs oligomers might be a general phenome-
non within this receptor superfamily. Next, it will be necessary
to determine if these putative higher-order GPCRs are ex-
pressed at the cell surface of living cells, a fact that will be more
relevant from the biological point of view. In our hands, by
using the combined BRET–BiFC technique we were not able
to determine the precise subcellular localization of these high-
2984 J. Gandia et al. / FEBS Letters 582 (2008) 2979–2984er-order A2AR oligomers, but by doing other BiFC technical
combinations, for instance with FRET approaches it will be
potentially possible to detect the cell surface expression of these
oligomers. Indeed, identiﬁcation of ternary protein complexes
by using a BiFC-based FRET has been recently described
[22]. Overall, the use of these new experimental approaches will
allow us to better understand how signals within multiprotein
complexes are integrated at the molecular level.
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